The effect of manganese and iron on the structure of AK12 silumin is studied by microscopic x-ray diffraction and spectrum analyses. Experimental alloys with Fe : Mn = 1 : 0, 1 : 0.5, 1 : 0.7 and 1 : 1 are investigated. Quantitative analysis of the microstructure is performed. The hub zone is studied for two models of car wheels. Recommendations for alloying AK12 silumin with manganese and iron for raising its mechanical characteristics are given.
INTRODUCTION
Silumins are widely used industrial alloys, for example, in the automotive industry for making wheel disks. One of the main alloying elements in castable aluminum alloys (silumins) is silicon. A typical silumin is eutectic alloy AK12 (Al12) containing 10 -13% Si ( Fig. 1 ) [1] . The (Al + Si) eutectic is an acicular one, and therefore the alloy is subjected to refining and modifying. In accordance with GOST 1583-93, a standard aluminum alloy AK12 has the following chemical composition (in %): (10 -13) Si, 0.70 Fe, 0.50 Mn, 0.60 Cu, 0.30 Zn, 0.10 Mg, 0.10 Ti, the remainder Al. 3 Specialists of the "KiK" Company and of the Institute of Nonferrous Metals and Materials Science in Krasnoyarsk have performed a series of studies of the structure and properties of silumins cast under low pressure [2 -4] . The mechanical properties of disks are standardized by GOST R 50511-93. The presence of iron in the silumin lowers the mechanical properties of disks. In order to save blend materials, the "KiK" Company has tried replacement of primary aluminum of grade A8 with aluminum A7. In accordance with GOST 11069-2011, the A8 aluminum may contain at most 0.12% iron impurity, while for the A7 aluminum the figure is 0.16%. The alloy acquires additional iron due to its presence in silicon. As a result, commercial alloy AK12 contains up to 0.20%.
Iron is frequent and hard-to-remove admixture in aluminum and its alloys. This impurity may affect unfavorably the ductility of fluidity of aluminum alloys [5 -7] . The negative action of iron of the mechanical properties of silumins can be neutralized to a certain degree by introducing compensating elements that suppress formation of inclusions of acicular gam1602@mail.ru). 3 Here and below in the paper the content of elements is given in wt.% if not mentioned specially. Iron dissolves well in liquid aluminum and its alloys but has very low solubility in solid aluminum. Therefore, iron bonds to other elements forming intermetallic particles of various types. In the presence of silicon, aluminum alloys acquire the following phases: ternary (Al 8 Fe 2 Si) and quaternary (Al 15 (Fe, Mn) 2 Si 2 ) kinds of a-phase of a hieroglyph type and an Al 5 FeSi b-phase in the form of lamellas. Ironcontaining intermetallics are observable easily in the microstructure of alloys of the Al -Si system. In should be noted that the quaternary type of a-phase may have a more compact lump-like form or even a form of a polygonal crystal [5 -7] .
It has been suggested to introduce manganese into silumins as an iron-compensating element in order to provide the required mechanical properties.
We have shown the positive role of manganese in the case of replacement of primary aluminum A8 with A7 in the production of AK12 in [2, 4] . This has reduced the cost of automobile wheel disks without lowering their quality. The castable aluminum-based alloy has been patented (No. 2576707) [8] .
The aim of the present work was to study the effect of manganese on the microstructure of experimental alloys based on AK12 and containing iron and manganese in various concentrations by optical and electron microscopy.
METHODS OF STUDY
We fabricated six experimental alloys (Table 1) where the iron content was varied from 0.15 to 0.32% at iron-tomanganese proportions of 1 : 0, 1 : 0.5, 1 : 0.7, and 1 : 1. Alloy 1 was melted from aluminum A8, and alloys 2 -6 were melted from aluminum A7. The blends for the Al -Si alloys with up to 0.15% iron contained primary aluminum A85 (GOST 11069-2001) and crystalline silicon Kr00 (GOST 2169-69). The alloys with 0.19 -0.32% iron were melted from primary aluminum A7 and A7E (GOST 11069-2001), crystalline silicon Kr00 (GOST 2169-69) and AlMn20(B) alloying addition (GOST 53777-2010).
The blends were melted in an IAT-2.5 induction furnace by the standard process at the smelter shop of the "KiK" Company. The chemical compositions of the alloys are presented in Table 1 .
The microstructure of the experimental alloys and of the ready articles, i.e., wheel disks cast under low pressure at the "KiK" Company, was studied on microsections using OLIMPUS GX 51 and Axio Observer optical microscopes at a magnification of up to´1000 and an EVO 50 scanning electron microscope 4 with an INCA Energy 350 energy dispersive microanalyzer.
The images of the microstructure were analyzed automatically using the AxioVision Carl Zeiss software.
The mean size of dendrite cells 5 was determined with the help of a Program Wizard computational module and the "Solid Solution" software. The prepared microsections allowed us to study the whole of the surface of a specimen. We chose five most characteristic regions and determined the size of dendrite cells at a magnification of´200, which allowed us to analyze a large area of a lap with high enough resolution of the structural components of the modified alloy AK12. The obtained values of the size of dendrite cells were processed statistically using the Excel software. The results of the computations gave us the mean size of dendritic cells in the cast structure of alloy AK12; the measured data were processed statistically using the "Descriptive Statistics" and "Histogram" functions of the "Data Analysis" package.
We computed the following parameters of the microstructure of the studied zone of a wheel from alloy AK12: (1 ) the dendritic parameter of the a-solid solution (d ), (2 ) the length of silicon particles in the eutectic (L Si ), and (3 ) the volume fraction of silicon in the eutectic (V Si ).
RESULTS AND DISCUSSION
To determine the optimum concentrations of iron and manganese in alloys of the Al -Si system for low-pressure casing of disks of automobile wheels, we used commercial alloy AK12 produced by the "KiK" Company.
The results of the studies of the microstructure of alloys 1 -6 with different proportions of iron to manganese are presented in Fig. 2 .
The structure of alloy AK12 contained an Al + Si eutectic. The alloy was modified with AlTi5B1 and AlSr10 alloying additions. All the phases (including the b-phase) were identified with the use of the data of [5 -7, 9 -12] .
The structure of the alloy without additional alloying with manganese was represented by a modified eutectic and (Fig. 2a ) . At Fe : Mn = 1 : 0.5, the structure contained microvolumes with coarse inclusions of b-phase and an a-phase, i.e., an Al 15 (Fe, Mn) 3 Si 2 intermetallic [9 -12] in the form of a Chinese hieroglyphs (Fig. 2b ) .
When the content of manganese in alloy AK12 was raised to Fe : Mn = 1 : 1, the acicular modification of the iron phase disappeared and a more compact a-phase appeared over the whole of the cross section of the lap (Fig. 2c ) . Formation of a structure known as "Chinese hieroglyphs" [9 -12] indicates that the introduction of an appropriate content of the compensating element suppresses formation of a needle-like b-phase.
The structure of alloys 4 -6 with an elevated iron content and different Fe : Mn proportions is presented in Fig. 2d -f . It can be seen that it is represented by an a-solid solution and an acicular (a + Si) eutectic. The sizes of the needles in alloys 4 and 6 are larger than in alloy 5. This may be explained by the higher contents of iron in alloys 4 and 6 as compared to alloy 5 (> 0.3 and 0.25%, respectively). Alloy 5 has a finer structure than alloys 4 and 6. It can be interred from Fig. 2 that the AK12 grade should not contain more than 0.3% Fe.
We studied the structure of specimens cut from two models of car wheels under an electron microscope (Figs. 3 -5) . The disks of different models differ in the thickness, which affects their structure and properties. This means that the level of the mechanical properties and the structure of the metal in the zones of the rim, spoke, and hub require regular control.
The zone of the hub presented much interest because it had the coarsest structure. The specimens studied had Fe : Mn = 1.0, 1 : 0.5, 1 : 1 (alloys 1 -3 ) . Fig. 5) . Thus, the study of the structure of the test specimens shows that the proportion of iron to manganese in alloy AK12 should be amended to 1 : 1, which promotes formation of a compact iron-containing phase.
A quantitative analysis of the structure was conducted with the aim to determine the effect of the rates of crystallization of the alloy in different zones of a wheel on the structure, in particular, in the spoke zone. We studied alloy 6 with Fe : Mn = 1 : 1. The size of a dendrite cell and the size of the particles of silicon in the eutectic determine the mechanical properties of the disks of car wheels. The results of the study are presented in Fig. 6 and Table 2 .
The histogram of the size distribution of dendrite cells of the a-solid solution (Fig. 6a ) is bilaterally symmetrical. This reflects stability of the sizes and shows visually that the hits occur chiefly in the middle region of the histogram and their number decreases to the edges. By the data of the earlier studies [2] , the mechanical properties of the alloy are optimum at Fe : Mn = 1 : 1 (like in alloy 6 ). The required level of the ultimate strength, of the elongation and of the conventional yield strength are obtained when the size of a dendrite cell in the a-solid solution ranges within 49.46 ± 4.46 mm ( Table 2 ). This is provided by high rates of crystallization of the alloy in all zones of the wheel.
The histogram of the length distribution of silicon particles in the eutectic (Fig. 6b ) is asymmetrical and shows that the majority of the values are shifted to the left. This reflects 
